We get the distributions of shower partons initiated by heavy quarks c and b by studying the fragmentation functions in the framework of the recombination model.
I. INTRODUCTION
Heavy quark production in relativistic heavy ion collisions is a subject of current interest for understanding the quark-gluon interactions. Since heavy quarks are produced in the initial hard scattering processes at RHIC, they are sensitive to probe the medium formed in the collisions as they may lose energy by gluon radiation during propagating through the medium. Much progress has been made to improve theoretical understanding of the production mechanism of heavy mesons containing a heavy quark (c or b quark), such as the discovery of the powerful heavy quark spin-flavor symmetry [1] and the development of the Heavy Quark Effective Theory (HQET) [2] based on QCD. But the techniques of HQET can not be applied to B c (bc) meson since the charm quark is not sufficiently light. There are two mechanisms investigated for the production of b-flavored mesons: recombination [3] and fragmentation. And it has been pointed out [4] that the dominant mechanism is due to fragmentation, especially in the region of large transverse momentum. In Ref. [5] , we have shown the important contribution from the recombination of thermal-shower partons to the transverse momentum spectrum of J/ψ in central Au+Au collisions.
Up to now, the recombination model for particle production has achieved a great success.
Especially the fragmentation process has been explained as a recombination of semi-hard shower partons in a jet. The model displays how the final state particles are produced from the recombination of thermal and shower partons created by hard partons. The determination of the shower parton distributions (SPD) has been obtained by studying the fragmentation functions (FF) in the framework of the recombination model [5, 6] . With the parametrized SPDs, the model has offered good agreement with the experimental data on the hadron spectra from low to intermediate p T [7] , and successfully explained the Cronin effect on pion production in d+Au collisions [8] . Also, based on the good description of light hadrons productions, the model has been extended to the productions of strange hadrons [9] and J/ψ [5] in central Au+Au collisions. In this paper we complete the SPDs initiated by hard partons of c and b quarks and furthermore predict the transverse momentum spectra for heavy-flavored mesons.
This work is organized as follows. We first review the basic formulism for the meson production in the recombination model in the next section. Then we show the results of charmed mesons and b-flavored mesons productions in central Au+Au collisions at √ s N N = 200 GeV in Section 3 and 4, respectively. In Section 5 we predict the heavy flavored meson transverse momentum spectra for non-central centralities. A brief summary is given in the final section.
II. MESON PRODUCTION IN THE RECOMBINATION MODEL
The contribution to the transverse momentum spectra of meson consists three terms because there are two components of parton sources: thermal (T ) partons and shower (S) partons which are originated from hard partons. In this paper we substitute p for p T to denote the transverse momentum of the meson. Then the production can be expressed as the sum of three terms
Ref.
[10] provides a theoretical description of the recombination process in a dense parton phase, where the pure thermal contribution (T T ) to meson spectrum can be written as
Here
with the momenta of the two constituent quarks p 1 = xp and p 2 = (1 − x)p. I 0 and K 1 are the modified Bessel functions. M T is the transverse mass of the meson and A T = ρ 2 0 π is the transverse area of the parton system with the radius ρ 0 = 9 fm [10] . It was assumed that hadronization occurs at τ = 5 fm with temperature T = 175 MeV in the parton phase [10] , which is consistent with predictions of the phase transition temperature at vanishing baryon chemical potential from lattice QCD [11] . The transverse flow rapidity η T is defined by a flow velocity with v T = tanhη T . γ a and γ b stand for the fugacities of the constituent quarks a and b, respectively. In Ref. [10] the fugacities of light quarks are γ u = γ d = 1 and for strange quarks γ s = 0.8. Every quark has 3 color and 2 spin degrees of freedom. So we use the meson degeneracy factor (2) is the wave function of the meson in the momentum space. We can describe the wave function from the definition of the recombination function (RF). The RF for the process of′ → M with quark q at momentum fraction x 1 and q ′ at x 2 to form a meson at x is expressed as [12] 
where B(a, b) is the beta function. The RF R M is an invariant distribution which is related to the non-invariant probability G M (y 1 , y 2 ) of finding the two constituent quarks in M with momentum fractions y 1 and y 2 through [12]
The normalization factor 1/B(a, b) in Eq. (4) is determined by the following requirement
In fact, G M (y 1 , y 2 ) relates with
quently, the wave function of a meson in the momentum space corresponding to G M (y 1 , y 2 )
can be written as
For a meson, the ratio of the average momentum fraction is proportional to the masses of the
The first step of calculating the thermal-shower recombination term (T S contribution) is to get the shower parton distribution. Using the parametrized distribution S j i (z) [5, 6] , we can determine the distribution of shower parton j with transverse momentum p in central Au+Au collisions as [16] 
where
with f
/d 2 kdy of hard parton i just after hard scattering in Au+Au collisions at √ s N N = 200 GeV at mid-rapidity can be found in Refs. [14] and [15] . βL is the explicit dynamical medium factor to describe the energy loss effect with βL = 2.39 for i =light quarks, gluon in Au+Au collisions for 0 − 20% centrality [16] . Recent measurements of the transverse momentum distributions and nuclear modification factors of non-photonic electrons from heavy quark decays at high p T show a suppression level of heavy quarks similar to light quarks [17] . So we choose the same energy loss factor βL for i = c, b as that for light quarks.
In Ref. [10] , the T S term can be calculated as
with the phase space distribution ω(R, p) of thermal partons. u µ (R) is the future oriented unit vector orthogonal to the hypersurface Σ defined by the hadronization volume. Because the thermal parton distribution density with momentum p is defined as [10] T
with g = 6 coming from the color and spin degeneracy of a quark, we can rewrite Eq.(10) as
We get the thermal parton transverse momentum distribution density from the thermal parton spectrum given in Ref. [10] by
The shower-shower recombination term (SS contribution) is equivalent to the FF [16] dN
and D M i is the FF of quark i splitting into meson M. In the following sections, we show the results of heavy flavored meson transverse momentum spectra.
III. PRODUCTIONS OF CHARMED MESONS
Anomalous J/ψ suppression is regarded as an important tool to probe the hot dense matter or quark-gluon plasma (QGP) created in heavy ion collisions at RHIC energies [18] .
The study of open charmed mesons (D and D) may help to explain the suppression of charmonium states (J/ψ, χ c , ψ ′ ). In Ref. [5] , we have obtained the fugacity of c quark γ c = 0.26 and v T = 0.3c by fitting the measured J/ψ transverse momentum spectrum in the region of low p T . Recently STAR collaboration have measured D 0 production at low transverse momentum (p T < 2 GeV/c) in Au+Au collisions at RHIC energy [19] . To fit the experimental data with the thermal-thermal term of Eq.(2), the factor of v T is adjusted to be v T = 0.42c, which is a little larger than the fitted results in Ref. [5] , where v T = 0.3c.
Since J/ψ is produced at the early stage in the heavy ion collisions, and D 0 is produced later, it's reasonable that the radial flow velocity v T of D 0 is lager than that for J/ψ.
In Ref. [5] , the SPDs initiated by hard partons of charm quark and gluon have been achieved at fixed starting scale Q = 2m c = 3 GeV/c. Other SPDs S j i with i = q, q, g and j = q, s, q, s (q = u, d, s) denoted by K N S , L, G, L s and G s in Ref. [6] are obtained at Q = 10 GeV/c. In order to set the SPDs above at the same scale, we investigate the SPDs K N s etc.
at Q = 3 GeV/c with the method provided in Ref. [20] . In calculating the thermal-shower (T S 
IV. PRODUCTIONS OF b-FLAVORED MESONS
The most remarkable difference between the situation of b-flavored mesons and charmed mesons is that all the FFs of b quark used in this paper are obtained at starting scale of Q = 2m b = 10 GeV/c. So we should try to get the SPDs initiated by b quark with the method shown in Refs. [5] and [6] :
reflecting the symmetrization of the leading parton momentum fraction. The RFs fitting the experimental data of J/ψ productions measured by PHENIX collaboration [25] .
The flow velocity v T and heavy quark fugacity γ c in Eq.(2) (T T term) are the parameters adjusted to fit the experimental data at low p T (p T < 2 GeV/c). We find that the data are fitted well with the changed γ c and the fixed v T = 0.3c as can be seen in Fig.9 . We suppose that fugacities for other quarks (u, d and s) are proportional to those for c quarks.
When we calculate the T S and SS terms, βL standing for the energy loss factor in the heavy ion collisions should be regarded as a function of centrality. And it is determined by the inclusive distribution of π 0 for all centralities in Au+Au collisions [16] . The different values of γ and βL for different centralities are given in Table 1 
